JEZDINSKÝ, A., PETŘÍKOVÁ, K., SLEZÁK, K., POKLUDA, R.: Eff ect of drought stress and mycorrhizal inoculation on the growth, photosynthetic activity and water use effi ciency of leek (Allium porrum L. 'Gigante Suizo'). Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 8, pp. 101-108 During the experiments it was examined two irrigation levels: 1. optimal water supply -the irrigation activation by available water capacity (AWC) < 65 %; 2. drought stress -irrigation activation by AWC < 45 %) and inoculation of plants by the vesicular-arbuscular mycorrhizal fungus Glomus in leek culture. The eff ect of treatments on the photosynthetic rate (A), transpiration rate (E), water use effi ciency (WUE), biomass production (weight, dry matter content of diff erent plant part), size of pseudostem, leaf area and specifi c leaf area (SLA) was observed. The drought stress had eff ect on all observed parameters: it decreased the photosynthetic and transpiration rate (A: from 5.04-5.37 to 3.33-3.43 μmol CO 2 .m −2 . s −1 , E: from 1.78-1.91 to 0.99-1.03 mmol H 2 O. m −2 . s −1 in the average of 5 measuring date), the weight total fresh weight of plants: from 355-453 g to 152-255 g), and the leaf area, the length and diameter of pseudostem, too. The WUE, the dry matter content and the thickness of leaves increased under stress. In the most parameters, the water supply had stronger eff ect than the inoculation. The inoculation had positive eff ect mainly under drought stress: it improved the WUE at 3 measuring time (from 3.45 to 3.50 μmol CO 2 .mmol H 2 O −1 , in the average of 5 measuring date), increased the weight (total fresh weight of plants: from 152 g to 255 g) and the leaf area (from 0.16 to 0.12 m 2 ).
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leek, Glomus, inoculation, morphology, photosynthetic rate, specifi c leaf area, water use effi ciency (WUE) Nowadays, there are many studies about the eff ect of inoculation of plants by microorganism. In the nature, one of the most important genus of the vesicular-arbuscular mycorrhizal fungus is Glomus. Many vegetable species have shown the positive eff ect of inoculation on the plant growth (Kim et al., 2002; Sensoy et al., 2007; Wang et al., 2008) , nutrient uptake (Smith, Read, 2008) and stress tolerance (Gianinazzi-Pearson, 1996) . Literature sources demonstrated the eff ect of colonization on the plant physiological process (water use effi ciency, photosynthetic rate, stomatal conductance) (RuizLozano and Gomez, 1995; Davies et al., 2002; Nowak, 2004; Jezdinský et al., 2012) .
The leek (Allium porrum L.) is important crop in most each countries of European Union. It has moderate temperature demand; the optimum for growing is between 13-24 °C (Maynard, Hochmuth, 2007) . The water demand of the leek in the vegetation period is 500-550 mm (Malý, 2006) . It is sensitive to the drought stress (Sørensen, 1996) . In the experiment of Gutezeit (2000) in sandy soil, the soil moisture levels between 40 and 70 vol% available water had no signifi cant eff ect on the total mass at harvest, however, the lower (25%) moisture content was observable like strong drought stress. Comparing diff erent water supply systems, Sørensen et al. (1995) observed the decreasing of yield of leek at a soil water potential of −0.09 MPa at 20 cm depth.
More than 20 years it is known the possibility of vesicular-arbuscular mycorrhizal relationships between leek and more Glomus species. The ability of diff erent Glomus species is diff erent (Hamel et al., 1997; Hepper et al., 1988) . Sorensen et al. (2003) examined the eff ect of the Glomus intraradices inoculation, and they observed favorable growth of leek, more intensive P and Zn uptake.
The aim of this work was to evaluate the eff ect of Glomus sp. on physiological parameters, biomass production and some morphological properties of leek, grown at two water supply levels.
MATERIALS AND METHODS
The experiment was conducted in plastic tunnel in Lednice at the Faculty of Horticulture of Mendel University in Brno, in 2011. The tested plant material was Allium porrum L. 'Gigante Suizo'. The evaluation was conducted in four replications, at two diff erent irrigation levels and with / without inoculation treatment.
The experiment was based on two diff erent levels of irrigation being activated automatically by moisture sensors VIRRIB, which triggered the irrigation when it goes below the set value. The water supply level was:
• optimal water supply: the irrigation was activated when available water capacity (AWC) decreased below 65 %; • drought stress: the irrigation was activated when AWC decreased below 45 %. Inoculation was done by mycorrhizal product Symbivit ® (Symbiom Ltd., CZ). The product contains natural clay carriers and six mycorrhizal fungi (Glomus intraradices BEG140, Glomus mosseae 95, Glomus. etunicatum BEG92, Glomus claroideum BEG96, Glomus. microaggregatum BEG56, Glomus geosporum BEG199). This product was applied at 100 ml per 1 L of substrate Klassman TS 3. The variants consist of control and by plants treated with the product Symbivit ® (referred to Glomus sp. in the experiment). ].
RESULTS AND DISCUSSIOS
The eff ect of treatments on the photosynthetic activity and water use effi ciency is presented on Fig. 1 Under drought stress condition, the photosynthetic rate (A) was observed lower than in the optimal water supply. The decrease was stronger in the second part of the measuring period. Examined the eff ect of Glomus sp. inoculation, it was observed -statistically confi rmed -positive eff ect of it at 2 measuring date (7 th and 12 th week). During this two measuring date was the soil moisture level low and the soil temperature was relatively high. The values of these environmental conditions are out of the threshold of the optimal range of the leek (Gutezeit, 2000; Maynard, Hochmuth, 2007) .
The tendency of transpiration rate (E) was similar to the photosynthetic rate (A).
The decrease of the photosynthetic and transpiration rate confi rms the sensitivity of leek to the drought stress (Sørensen, 1996) , and also the sensitivity of these processes to the water defi cit (Blum, 2005; Chaves et al., 2009; Jezdinský et al., 2012) .
The water use effi ciency of the plants (A to E ratio) were higher in the case of stressed plants at all measuring dates. This is in accordance with experience of Blum (2005) and Thiagarajan et al. (2008) . The inoculation showed the signifi cant eff ect only in the stress, but the direction of such eff ect was not clear. At the 7 th , 12 th and 14 th week it was observed positive eff ect of Glomus sp., while at the 10 th was found signifi cantly negative eff ect to WUE. Based on the comparing of the tendency to the soil moisture values, it can be seen that the positive eff ect of Glomus sp. inoculation is confi rmed in case of very low soil moisture content (5.3-14.3 AWC %).
The weight of the plants and diff erent plant parts are summarized in Tab. II. and III. According to the results of measuring of the total biomass production (whole plant weight), the most favourable treatment was the Glomus sp. inoculation with optimal irrigation. The result confi rmed the examination of Sorensen et al. (2003) . In drought stress, the positive eff ect of inoculation was confi rmed in case of all plant part weight. Under stress condition, the inoculation resulted by similar weight like the control plants grown under optimal water supply condition, in the most case.
The dry matter content was highest in the control treatment in stressed treatment. According to the results of two-factor analysis of variance, the water supply had stronger eff ect on the dry matter content of each part, and on the fresh weight of root system, 
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than the inoculation. However, the inoculation and water supply had equally strong eff ect on the fresh weight of aboveground parts. The size of the consumed part plant (pseudostem) was more favourable in the optimal irrigation (Fig. 3) . The diameter of inoculated plants grown under drought stress was statistically same like the plants grown under optimal irrigation, without inoculation. In the optimal irrigation, the inoculated plants were characterized by shorter, and thicker pseudostem than the control plants. Based on the results of two-factor analysis of variance 3: Size of the leek pseudostem (Tab. IV), the optimal water supply and inoculation has equally strong positive eff ect on the diameter. The inoculated plants grown under optimal irrigation developed signifi cantly bigger leaf area (LA) than in the other plots (Fig. 4) . In this parameter the water supply and inoculation has equally positive eff ect: the drought stress decreased the leaf area, while the Glomus sp. inoculation increased it, in both water supply level (Tab. IV). This observation is in accordance to the result of Aguilera-Gomez et al. (1999) in sweet pepper test plants.
The eff ect of water supply had eff ect also on the thickness of the leaves. The inoculation has eff ect on it only under drought stress. The lowest specifi c leaf area (SLA) -the thickest leaves -was developed by the plants grown in the drought stress with inoculation (Fig. 5, Tab. IV) .
CONCLUSIONS
The evaluation of physiological processes change, the biomass production and the morphological parameters, confi rmed the sensitivity of the leek to the drought stress.
The water supply had stronger eff ect on observed parameters, than the inoculation by Glomus. The inoculation by Glomus sp. promotes the growth of the plants, mainly under drought stress. However, the values of fresh weight of aboveground parts, the diameter of pseudostem and the leaf area are higher as eff ect of Glomus symbiosis, under optimal or low water supply conditions. The Glomus sp. inoculation at the stress conditions positively infl uenced the plants to reach almost same favourable results, like the plants grown with optimal irrigation, without inoculation.
SUMMARY
The aim of the experiment was to evaluate the eff ect of inoculation Glomus sp. on some physiological parameters, biomass production and some morphological properties of leek grown at two water supply levels (optimal water supply and drought stress; irrigation activation by AWC < 65 % and < 45 %, respectively). It was measured the photosynthetic activity (A) and the transpiration (E) of leaves of 80 % of their fi nal development, fi ve times during the vegetation, by the portable photosynthetic system LCpro+. At the harvest, it was measured morphological parameters and biomass production of plants: fresh weight and dry weight of all plants and plant parts (root system, pseudostem of leaves -main edible part -, green leaves; dry matter content of main plant parts, length and diameter of pseudostem of leaves, total (green) leaf area, specifi c leaf area (ratio of total leaf area and dry weight of leaves). The drought stress decreased the photosynthetic and transpiration rate (A: from 5. . s −1 in the average of 5 measuring date), the weight total fresh weight of plants: from 355-453 g to 152-255 g), and the leaf area, the length and diameter of pseudostem, too. The WUE, the dry matter content and the thickness of leaves increased under stress. In the most parameters, the water supply had stronger eff ect than the inoculation. The inoculation had positive eff ect mainly under drought stress: it improved the WUE at 3 measuring time (from 3.45 to 3.50 μmol CO 2 . mmol H 2 O −1 , in the average of 5 measuring date) and increased the weight (total fresh weight of plants: from 152 g to 255 g). In case of more examined parameter, the inoculated plants reached almost same results under stress, like the plants in optimal irrigation, without inoculation.
